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1015-9584/Copyright ª 2015, Asian SuSummary Background/objective: Laparoscopic gastrectomy (LG) is increasingly used to
treat gastric cancer. Simultaneously, internal hernia (IH) has been reported after LG with
Roux-en-Y reconstruction (RY). The aim of this study was to investigate IH after LG with RY
for gastric cancer.
Methods: This study included 15 patients with IH from a database of 355 consecutive patients
who underwent LG with RY for gastric cancers. We retrospectively analyzed IH incidence and
clinical characteristics by operative procedures.
Results: The total incidence of IH was 4.2%. The incidence of IH at Petersen’s defect
tended to decrease with modifications to the reconstruction methods, but not significantly
so. The incidence of IH at jejunojejunostomy mesenteric defect significantly decreased
with closure of this defect (p Z 0.01). The incidence of IH at transverse mesocolic defect
was 1.3% in patients who underwent retrocolic RY; emergent small-bowel resection was
only required in two cases of herniation through this defect after laparoscopic total gas-
trectomy.
Conclusion: Retrocolic RY with appropriate closure of defects can reduce IH incidence at
Petersen’s defect and at jejunojejunostomy mesenteric defect. Although the IH incidenceave no conflict of interest.
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Period Number of pati
First period 119
30
Second period 3
98
Third period 105
First period: April 2006eMarch 2009
JJ Z jejunojejunostomy mesenteric
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reserved.1. Introduction
In Japan, gastric cancer is the second most common cause
of cancer death.1 Laparoscopic gastrectomy (LG) has been
widely adopted as a treatment option, not only because it
is less invasive and offers better cosmetic outcomes, but
also because it enables the rapid recovery of intestinal
movement and facilitates accurate lymph-node dissection
through magnified viewing.2 Simultaneously, internal her-
nia (IH) has been reported as a cause of postoperative
small-bowel obstruction after LG, particularly after Roux-
en-Y reconstruction (RY); in contrast, more adhesions are
observed after open gastrectomies.3e7 IH is a well-known
postoperative complication of laparoscopic Roux-en-Y
gastric bypass (LRYGB). The use of the antecolic ante-
gastric route or closure of mesenteric defects is widely
reported to reduce IH after LRYGB,8e14 as is the use of
proper techniques, such as avoiding mesenteric division and
ensuring appropriate orientation of the alimentary limb.15
Excess weight loss has been reported as a cause of IH.16
Unfortunately, IH is difficult to diagnose because its
associated symptoms are rather nonspecific, and the im-
aging modalities used in its diagnosis are inadequately
sensitive; however, it can be life threatening.16e18 Whereas
LRYGB and LG with RY have some differences (such as
postoperative construction of the supracolic component
and preoperative obesity with LRYGB), few reports have
addressed IH after LG with RY. This study aimed to clarify
the characteristics of IH after LG for gastric cancer.2. Methods2.1. Patients
This was an observational, historical cohort study. We
analyzed patients from a database of 355 consecutive pa-
tients who underwent LG with RY for gastric cancers at the
Department of Surgery, Japan Community Health careeconstruction by period.
ents Route of Roux limb
Antecolic
Retrocolic
Antecolic
Retrocolic
Retrocolic
; second period: April 2009eMarc
defect; Petersen Z Petersen’s d
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ery (2015), http://dx.doi.org/10.Organization, Kyushu Hospital between April 2006 and April
2012. Laparoscopic gastrectomies were indicated for all
patients regardless of the clinical stages of their cancers,
when an informed consent was obtained. These patients
consisted of 257 who underwent laparoscopic distal gas-
trectomy (LDG) and 98 who underwent laparoscopic total
gastrectomy (LTG). Postoperative staging was performed
according to the tumorenodeemetastasis staging system.19
Early gastric cancer was defined as cancer invading the
mucosa or submucosa, with or without lymph-node
metastasis.20
2.2. Operative procedures for RY
Table 1 shows the changes in RY procedures over time at our
institution. We performed antecolic RY without closure of
Petersen’s defect, which is found at the back side of the
Roux limb or of the jejunojejunostomy mesenteric defect
until March 2009 (first period). In April 2009, because of
increasing IH occurrence, we changed our standard tech-
nique to retrocolic RY with closure of the jejunojejunos-
tomy mesenteric defect (second period). Since April 2011,
we have also closed Petersen’s defect (third period). The
transverse mesocolic defect was also closed by fixing the
gastrojejunostomy site (LDG) or jejunum (LTG) to it in all
patients who underwent retrocolic RY. All defects were
closed with 4-0 absorbable intermittent sutures. To bring
up the Roux limb, approximately 5 cm of the small bowel
was sacrificed in LDG, and 20 cm in LTG, instead of dividing
the mesentery. Both gastrojejunostomy (LDG) and esoph-
agojejunostomy (LTG) were performed using linear staplers
under pneumoperitoneum; the jejunojejunostomy was
fashioned using hand sutures through the minilaparotomy
or linear staplers under pneumoperitoneum in all cases.
2.3. Clinicopathological variables
We collected the following clinicopathological data for
patients who developed IH: age, sex, cancer stage, degreeClosure of Petersen Closure of JJ Closure of T-colon
No No d
No No Yes
No Yes d
No Yes Yes
Yes Yes Yes
h 2011; third period: April 2011eApril 2012.
efect; T-colon Z transverse mesocolic defect.
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Table 3 Incidence of internal hernia at jejunojejunos-
tomy mesenteric defect.
Closure
of JJ
Number
of patients
Internal
hernia (%)
p
No 149 5 (3.4) 0.01
Yes 206 0 (0)
IH after LG with RY 3
+ MODELof lymph-node dissection, operative time, intraoperative
bleeding, body mass index (BMI) at LG, interval between LG
and IH, symptoms, presence of acute pancreatitis, bowel
resection during emergent surgery for IH, and death. These
variables were compared between patients who underwent
antecolic RY (antecolic group) and patients who underwent
retrocolic RY (retrocolic group).JJ Z jejunojejunostomy mesenteric defect.2.4. Statistical analysis
A statistical analysis was performed using the JMP statisti-
cal software (version 9.0.2; SAS Institute, Cary, NC, USA).
Fisher’s exact probability test or the Chi-square test was
used to evaluate differences in clinical factors between the
two groups. The ManneWhitney U test was used for
continuous data. A p value < 0.05 was considered to be
significant.3. Results3.1. Incidence of IH
Fifteen patients developed IH after LG with RY. The inci-
dence of IH after LG with RY was 4.2% (15/355). IH was not
detected in patients who underwent other types of LG,
such as LDG with Billroth I or laparoscopic proximal gas-
trectomy. Eleven of the 15 patients underwent LG in the
first period, three in the second period, and one in the third
period. IH occurred at Petersen’s defect in seven patients,
the jejunojejunostomy mesenteric defect in five, and the
transverse mesocolic defect in three.
Table 2 shows the incidence of IH at Petersen’s defect by
operative procedure. While IH at Petersen’s defect was
observed in 5 of 122 patients (4.1%) who underwent ante-
colic RY without closure of the defect, IH was observed in
only 2 of 128 patients (1.6%) who underwent retrocolic RY
without defect closure (pZ 0.27). Moreover, the incidence
did not significantly differ even when patients who under-
went antecolic RY without closure of Petersen’s defect
were compared with those who underwent retrocolic RY
with defect closure (p Z 0.06).
Unlike Petersen’s defect, there is no anatomic differ-
ence in the jejunojejunostomy mesenteric defect between
antecolic and retrocolic RY. Table 3 shows the incidence of
IH in association with closure; IH was observed in 5 of 149
patients (3.4%) without closure, while no IHs were observed
in the 206 patients with closure (p Z 0.01).Table 2 Incidence of internal hernia at Petersen’s defect.
Route of
Roux limb
Closure of
Petersen
Number of
patients
Internal
hernia (%)
p
Antecolic No 122 5 (4.1)
Retrocolic No 128 2 (1.6)
Retrocolic Yes 105 0 (0)
Petersen Z Petersen’s defect.
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to retrocolic RY, and 3 of 233 patients (1.3%, Table 4) who
underwent retrocolic RY developed IHs. Two of the three
patients had undergone LTG, and the remaining patient had
undergone LDG.
3.2. Clinical features of IH
Table 5 shows a comparison of the clinical features of IH
between patients who underwent antecolic versus retro-
colic RY. These variables (patient age, sex, cancer stage,
degree of lymph-node dissection, operative time, intra-
operative bleeding, and BMI at LG) did not significantly
differ between the two groups. The median interval be-
tween LG and IH was 36.1 months (range 15.5e92.2 mo) in
the antecolic group, and 8.4 months (range 0.2e28.9 mo) in
the retrocolic group (p < 0.01). The most common symptom
in our study was abdominal pain, which was observed in 14
of the 15 patients; three patients suffered repeated
abdominal pain until the diagnosis of IH. The remaining
patient experienced repeated, massive ascites three times
without any other symptoms (Figure 1). Because this ascites
disappeared without treatment within a few days, the IH
responsible for the ascites was missed by an outside hos-
pital during the first two events despite other imaging
findings, such as whirl sign, biliopancreatic limb dilatation,
and localization of the bowels to the left upper quadrant on
computed tomography (Figure 2). Also, 3 of the 15 patients
(all of whom had undergone antecolic RY) had histories of
acute pancreatitis due to biliopancreatic limb obstruction.
Small-bowel resection could not be avoided in two pa-
tients, both of whom had developed IH at the transverse
mesocolic defect after LTG with retrocolic RY. One of the
two patients died from disseminated intravascular coagu-
lation after the emergency resection. There were two other
deaths in this study. One patient died from cancer. Another
patient, who originally developed an IH at the jejunojeju-
nostomy mesenteric defect following antecolic RY, experi-
enced subsequent recurrence of the IH at Peterson’s
defect, despite previous closure of this defect in additionTable 4 Incidence of internal hernia at transverse meso-
colic defect.
Closure of
T-colon
Number
of patients
Internal
hernia (%)
Yes 233 3 (1.3)
T-colon Z transverse mesocolic defect.
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Table 5 Clinical features of internal hernia after laparoscopic gastrectomy with antecolic and retrocolic Roux-en-Y
reconstruction.
Variable Antecolic RY (n Z 9) Retrocolic RY (n Z 6) p
Age (y)a 68 (42e78) 70.5 (62e77) 0.41
Sex (male/female) 8/1 6/0 1.00
Stage (early/advanced) 6/3 4/2 1.00
Lymph-node dissection 0.60
D1þ 6 5
D2 3 1
Operative time (min)a 310 (234e567) 418.5 (307e520) 0.06
Intraoperative bleeding (mL)a 50 (5e190) 65 (0e520) 0.95
Body mass index at gastrectomy (kg/m2)a 22.3 (19.5e24.1) 22.1 (21.3e24.6) 0.81
Interval between gastrectomy and IH (mo)a 36.1 (15.5e92.2) 8.4 (0.2e28.9) <0.01
Symptom 1.00
Abdominal pain 8 6
Massive ascites 1 0
Acute pancreatitis 3 0 0.23
Bowel resection in the operation for IH 0 2 0.14
Death 2 1 1.00
IH Z internal hernia; LDG Z laparoscopic distal gastrectomy; LTG Z laparoscopic total gastrectomy; RY Z Roux-en-Y reconstruction.
a Data reported as median (range).
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gency surgery for the first IH. This patient suffered ileus,
acute pancreatitis, and resulting disseminated intravas-
cular coagulation, which resulted in his death.Figure 1 Abdominal enhanced computed tomography showed (A)
findings had been seen previously (2 mo before and again 2 wk bef
any treatment. (C) Operative findings revealed an edematous Roux
obstruction of mesenteric venous return. (D) The small bowel had p
the left side.
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In recent years, LG procedures have become increasingly
performed in Japan. While LG for advanced gastric cancersignificant ascites and (B, arrow) an edematous Roux limb. Both
ore the episode shown), but had temporarily vanished without
limb, which was not ischemic. Ascites had been induced by the
assed through Petersen’s defect (arrow) from the right side to
fter laparoscopic gastrectomy with Roux-en-Y reconstruction for
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Figure 2 (A) Abdominal enhanced computed tomography
showed a whirl sign (white arrow) and localization of the small
bowel to the left upper quadrant (black arrow). (B) Abdominal
enhanced computed tomography revealed a dilated bil-
iopancreatic limb (arrows), which induced pancreatitis.
IH after LG with RY 5
+ MODELis still a controversy, it is reported not only that LG is su-
perior to open gastrectomy in terms of offering less blood
loss, shorter hospital stay, and lower risk of complications,
but also that the scope of lymph-node dissection may be
identical.21 We explained these facts to all patients, and LG
was performed only to the patients who chose LG with anTable 6 Reported incidences of internal hernia after gastrec
articles.
Author/year Incidence
of IH (%)
Laparoscopic
or open (%)
R
l
Okabe et al2/2014 1.3 (2/158) Laparoscopic (100) A
Yoshikawa et al3/2014 2.8 (12/428) Laparoscopic (42)/
open (58)
A
r
Kelly et al4/2013 5.4 (16/298) Laparoscopic (11)/
open (89)
A
r
Kojima et al5/2014a 2.2 (6/268)
Laparoscopic (100) A
0 (0/90)
Miyagaki et al6/2012 0.2 (18/8983) Laparoscopic (14)/
open (86)
A
Hosoya et al7/2011b 6.9 (4/58)
Laparoscopic (100) A
0 (0/115)
IH Z internal hernia; JJ Z jejunojejunostomy mesenteric defect; Pe
a Internal hernia at Petersen’s defect was only reported.
b Internal hernia at the jejunojejunostomy mesenteric defect was o
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evaluate the oncological outcome of LG, we should clarify
the survival with a long-term follow-up period in the future.
With the spread of LG, IH after LG with RY has become
more common, as reported by many bariatric surgeons
following LRYGB.3e16,22e25 We initially introduced LG with
antecolic RY and without closure of defects; subsequently,
we observed more IH over time, whereas many studies of IH
after LRYGB had mentioned that performing antecolic
antegastric LRYGB could reduce IH, sometimes even
without closure of defects.8e16 Moreover, the reported
incidence of IH after LG with RY is not always low, partic-
ularly when defects were not closed (Table 6).2e7 On the
other hand, these studies often had shorter follow-up pe-
riods than the present study, in which more than 2 years
elapsed since the last LG performed. In this respect, the IH
incidence in our study may be more accurate than these
studies with shorter follow-up periods.
Although IH after retrocolic LRYGB has been reported to
occur after a shorter interval than with antecolic pro-
cedures, the reason for this is unknown.10,22,24 Our study
showed a similar result; accordingly, clinicians should be
particularly vigilant for IHs soon after LG with retrocolic RY.
Moreover, this shorter interval clouds the reported associ-
ation between IHs after LG and excess weight loss, which
has been often considered to be a risk factor for IH after
LRYGB,10,25 although BMI at IH diagnosis is not available to
us.
Although Petersen26 originally reported IH through the
space formed by the stomach wall, the gastrojejunal
anastomosis, the transverse mesocolon, and the retro-
peritoneum in a loop gastrojejunostomy,26 the meaning of
“Petersen’s hernia” has varied to date.27 Recently,
Petersen’s defect is considered to be the space between
the dorsum of the Roux limb and the transverse mesocolon.
However, this space continues superior to the transverse
colon (i.e., the supracolic component), and therefore,
Petersen’s defect is often simply considered as the back
side of the Roux limb.28 Thus, this study regarded the entire
space behind the Roux limb as the Petersen’s defect, intomy with Roux-en-Y reconstruction from several published
oute of Roux
imb (%)
Closure
of Petersen
Closure
of JJ
Follow-up
period (mo)
ntecolic (100) Yes No 29.6, median
ntecolic (98)/
etrocolic (2)
No No 51.0, mean
ntecolic (86)/
etrocolic (14)
No No 22.4, median
ntecolic (100)
No Yes 43.1, median
Yes Yes 9.2, median
ntecolic/retrocolic No Yes/no 30.3, mean
ntecolic (100)
No No 24.0, mean
No Yes 9.2, mean
tersen Z Petersen’s defect.
nly reported.
fter laparoscopic gastrectomy with Roux-en-Y reconstruction for
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+ MODELboth antecolic and retrocolic RY. Apart from LRYGB, gas-
trectomy and lymph-node dissection are included in LG,
and widen the space behind the Roux limb in antecolic RY,
which may easily cause IH at Petersen’s defect. To narrow
this defect, we initially adopted retrocolic RY to prevent IH
at the supracolic component. Subsequently, we introduced
the defect closure to prevent IH at the infracolic compo-
nent. Hirahara et al29 reported a different technique in LDG
with antecolic RY, using the greater omentum filled in be-
tween the remnant stomach and the pancreas space.
Although this technique can prevent IH at both supracolic
and infracolic spaces, it may be difficult to be adapted to
LTG.
The closure of defects is known to reduce IH incidence
after LG.5,7 Our result with the jejunojejunostomy mesen-
teric defect also supports this fact. However, one patient
did experience a recurrent IH, which resulted in his death,
after the closure of all defects during an emergency surgery
for the initial IH; the recurrent IH may have been caused by
insufficient closure. Since April 2012, we have used
nonabsorbable running sutures for closure,5,7 and no IHs
have been observed. Uncut RY may be an alternative pro-
cedure, which does not have this defect.30,31 However, this
technique requires the antecolic route. Thus, we should
pay attention to the large Petersen’s defect instead.
IH at the transverse mesocolic defect is unique to ret-
rocolic RY. In our study, two patients required bowel
resection; both had undergone LTG with retrocolic RY and
developed IH at this defect. Although the existence of this
defect reportedly increases the IH incidence, the precise IH
incidence had been unclear until now.8e15 This study
showed the incidence to be 1.3%, which is not very high. We
closed this defect by fixing the gastrojejunostomy site to
the mesocolon after anastomosis in LDG. In contrast, Iida
et al28 mentioned that fixing the remnant stomach to the
transverse mesocolon first facilitated anastomosis and
filling this defect; it may therefore be a useful procedure.
However, we are only able to fix the jejunum to the mes-
ocolon in LTG. This difference in fixation might influence
the occurrence of IH after LTG. The establishment of a
more secure procedure to prevent IH at this defect in LTG is
necessary.
An early diagnosis of IH is often challenging because of
atypical symptoms or an insecure imaging diagnostic pro-
tocol.3,4,6,10,11,13e18,22,23 In Japan, we routinely follow LG
patients for at least 5 years postoperatively; still, patients
may first go to a primary care doctor when IH occurs. In
fact, the patient with spontaneously vanishing massive as-
cites was transferred to our hospital during his third
episode. Herniation through the large Petersen’s defect
might cause resolvable but repeated ascites. In addition,
elevated pancreatic enzymes and pancreatitis have also
been reported as important IH symptoms and indicators of
biliopancreatic limb obstruction.3,13,18 In our study,
pancreatitis was a leading cause of IH-associated fatality.
Although intermittent abdominal pain and vomiting are
relatively well-known symptoms, other symptoms, such as
repeated ascites or pancreatitis, should be better known to
other clinicians.
In conclusion, retrocolic RY with the appropriate defect
closures can reduce the incidence of IH at Petersen’s
defect and the jejunojejunostomy mesenteric defect. InPlease cite this article in press as: Kimura H, et al., Internal hernia a
gastric cancer, Asian Journal of Surgery (2015), http://dx.doi.org/10.particular, our procedural modifications might be effec-
tive in preventing IH in the supracolic component of
Petersen’s defect. Although the IH incidence at the
transverse mesocolic defect was not particularly high, the
possibility of IH at this sitedwhich may be characterized
by a shorter interval between LG and IH, and by severe
ischemic damage of the incarcerated boweldshould be
kept in mind.References
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